Studies on cryopreservation of the human embryo and thawing and transferring it into the uterus began in the 1980s.[@ref1] In recent years, thaw cycles, during which the frozen-thawed embryos are transferred, have gained an increasingly important status in *in vitro* fertilization (IVF) protocols.[@ref2] There is no difference between the pregnancy and live birth results in fresh and thaw cycles.[@ref3] As the application of thaw cycles is being performed successfully more often, studies are being conducted to determine how to prepare the endometrium in which the embryo will be embedded.[@ref4],[@ref5] For a successful implantation, a receptive endometrium and synchronization between the endometrium and the embryo are essential.[@ref6] To date, several methods of endometrial preparation have been attempted.[@ref7] Spontaneous ovulation is monitored in natural cycles. In this technique, the time of embryo transfer is specified either by monitoring the spontaneous luteinizing hormone (LH) increase or by administering human chorionic gonadotropin (hCG) externally to induce ovulation.[@ref8],[@ref9] Furthermore, drug use is more frequent in hormone replacement therapy (HRT) cycles in which the endometrium is artificially prepared with estrogen and progesterone preparates. Therapy timing is also easier, and the number of follow-ups is lower. There are several studies on these methods and their modifications in the literature;[@ref10]-[@ref13] however, there is no consensus on which method yields better results.

In the present study, we aimed to compare the pregnancy results of patients who underwent endometrial preparation with a natural cycle or an HRT cycle in freezing-thawing cycles.

Methods {#sec1-2}
=======

This is a record-based study; data were examined from 536 IVF-applied cases with a frozen-thawed embryo transfer (FET) cycle at a private IVF center between June 2013 and August 2015. From these cases, we selected healthy women who were not older than 40 years during the fresh cycle or freeze-thaw cycle, whose fresh and frozen-thawed cycles were performed in the same clinic and whose grade one embryos were used in both fresh and thaw cycles. Women older than 40 years, who had poor ovarian response to ovulation induction,[@ref14] from whom embryos were collected with the pooling system in a few fresh cycles, whose fertilization rate was lower than 50%, who had systemic health problems or who were using antidiabetic, antihypertensive, or steroid-type medications were not included the study. A total of 332 individuals were included in the study, namely, 108 individuals in the natural cycle group and 224 in the HRT cycle group. The patients whose endometria were prepared with oral estrogen were not included in the HRT group, as they were few in number (n=23); only patients in whom transdermal estrogen was used were included. Patients with irregular menstrual cycles were included in the HRT group, but patients with regular menstrual cycles divided both HRT and natural cycle group according their clinical conditions. In the natural cycle group, only those patients whose menstrual cycles were regular were included.

Agonist and antagonist protocols were followed in patients' fresh cycles. In the agonist protocol, leuprolide acetate (Lucrin daily; Abbot, Cedex, France) was started at 10 U/day in the mid-luteal phase of the previous cycle. The agonist dose was reduced to 5 U/day and gonadotropin was added on the 3rd day of the menstrual cycle. On the third day of the antagonist cycle, recombinant gonadotropin (Puregon, MSD Organon, Oss, The Netherlands or Gonal-F, Merck-Serono, Geneva, Switzerland) was started, and on the sixth day of the gonadotropin treatment or when the dominant follicle was equal to or larger than 14 mm, the gonadotropin-releasing hormone (GnRH) antagonist cetrorelix (0.25 mg; Cetrotide, Merck-Serono) was added. In both protocols, follicular development was followed up with ultrasonography (USG) (TVS; Voluson 730 expert; GE Medical Systems, Ltd., Hertfordshire, UK). When 3 dominant follicles that were 18 mm or larger were observed, 250 µg of recombinant(r)-hCG (Ovitrelle; Merck-Serono) or 10.000 IU urinary (u) hCG (Pregnyl; Organon, Skovlunde, Denmark) was administered, and oocyte retrieval was performed 36 hours following hCG injection. Intracytoplasmic sperm injection (ICSI) was performed on all the mature oocytes on the same day. The embryos were evaluated and transferred into the uterus between 2 and 5 days later. The embryos selected for freezing were frozen with vitrification between the third and fifth days. In this study, the vitrification and thawing procedure was performed using the Kitazato Vitrification Kit (Kitazato Co., Fujicity, Shizuoka, Japan) and open devices (Cryotech Reprolife Inc., Shinjuku, Tokyo, Japan) following the Kitazato protocol (300 µl of equilibration solution for 12-15 minutes and 300 µl of vitrification solution for 0.5 ± 0.5 minutes, followed by placement of the embryos with minimum volume). We also followed the Kitazato protocol for warming (thawing solution for 1 min, dilution solution for 3 min, warming solution for 5±1 min). After the endometrium had been prepared in the thaw cycles, the embryos were thawed on the same day and transferred 3 to 6 hours after they were thawed.

For the preparation of patients in the natural cycle group, the follicles were followed up with USG at intervals of 3 to 4 days from the beginning of the cycle. When the dominant follicle was greater than 17 mm, u-hCG 10000 U or r-hCG 500 µg was administered. Progesterone was started 36 hours later, and natural progesterone (Crinone vaginal gel, Merck Serono, Switzerland) was used for 3 days in patients whose embryos were frozen on the third day and for 5 days in patients whose embryos were frozen on the fifth day, at 90 mg twice a day. The embryos were transferred on the following day, and progesterone was continued in the women who became pregnant until the 10th to 12th week of pregnancy.

The patients in the HRT cycle group were administered transdermal estrogen (Climara forte patch; Bayer, Istanbul, Turkey) at 100 µg on the first day of the cycle, and it was changed every other day. The patients, whose doses were increased by 1 patch at intervals of 4 days, underwent USG on the 14th day of their cycle. The patients with an endometrial thickness of more than 8 mm started to receive vaginal natural progesterone (Crinone vaginal gel, Merck Serono) in the morning and at night on the following day (day 15). Following the 3-day progesterone (90 mg twice a day) use in patients whose embryos were frozen on the third day before transfer and 5-day progesterone use for those whose embryos were frozen on the fifth day before transfer, the embryos were thawed and transferred on the following day. After the transfer, estrogen and progesterone use was continued for 12 days until the beta-hCG test. Estrogen and progesterone use was continued in women who became pregnant until the 10th-12th week of pregnancy.

Statistical analysis {#sec2-1}
--------------------

Statistical analysis was performed using the SPSS for Windows version 11.5 software (SPSS Inc., Chicago, IL, USA). The quantitative variables are expressed as the mean ± standard deviation (SD), and categorical variables are expressed as the median (min-max) or as a number (percentage). To determine whether there was a statistically significant difference between the categories of qualitative and quantitative variables, student's t-test (normal distribution) or the Mann-Whitney U test (non-normal distribution) was used. The Chi-square test was used to analyze the relationship between the 2 categorical variables. To establish whether there was a statistically significant relationship between 2 quantitative variables, Pearson's correlation coefficient was used when both of the variables met the normal distribution assumptions, whereas Spearman's rank correlation coefficient was used when at least one of the variables did not meet the normal distribution assumptions. A p value of \<0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 332 couples were included in the study. A natural cycle was applied to 108 of the women, while an HRT cycle was applied to the remaining 224 women. A total of 81.9% (n=264) of the couples had primary infertility, and 18% (n=58) of them had secondary infertility. Regarding their pregnancy background, there were 45 chemical pregnancies, 89 miscarriages, 9 ectopic pregnancies, 23 live births vaginally, 32 cesarean sections (C/S), and 51 living children in total. *In vitro* fertilization indications were ovulatory dysfunction in 25.3% (n=84), male infertility in 34.9% (n=116), tubal factor in 11.1% (n=37), endometriosis in 9.6% (n=32), and unexplained and other reasons in 18.9% (n=63). Of the patients studied, 23.5% (n=78) were diagnosed with polycystic ovary syndrome (PCOS), while 76.5% (n=254) were not diagnosed with PCOS. Polycystic ovary syndrome was diagnosed in accordance with the Rotterdam ESHRE criteria.[@ref15]

The mean endometrial thickness among the women with natural cycles on the hCG day was 11.6±1.8mm, and the median value was 12.0 (6.0-18.0) mm. The mean endometrial thickness among the women with HRT cycles on the hCG day was 10.0±1.7 mm, and the median value was 9.8 (6.3-14.0) mm. Among the women with a HRT cycle, the mean number of patches was 18.2±3.8 and median was 17.0 (13.0-49.0). The mean HRT duration was 14.9±1.9 and median was 15.0 (7.0-21.0) days. The mean endometrial thickness was 10.1±1.8 and median and 10.0 (5.0-14.0) mm, respectively. The mean and median oestradiol value on Day 15 was 632.9 ±194.3 and 500.0 (72.0-1972.0) (pg/mL), respectively. The mean and median progesterone value was 0.6±0.5 and 0.4 (0.0-1.5) ng/mL, respectively.

The women's age, age at the time of freezing, body mass index (BMI), day-3 oestradiol (E2), Day-3 progesterone (P), infertility duration, number of previous fresh and thaw cycles, number of transferred embryos in the thaw cycle and the endometrial thickness on the transfer day are presented in **[Table 1](#T1){ref-type="table"}**.

###### 

Baseline characteristics of the natural cycle and HRT cycle groups
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In total, 539 embryos from 332 patients were thawed. Of these embryos, 375 were frozen in the cleavage stage (day 3) and 164 were frozen in the blastocyst stage (day 5). A total of 345 of 375 thawed embryos in the cleavage stage (92%) and 156 of 164 thawed embryos in the blastocyst stage (95%) were viable (survival rates of embryos in the cleavage state were 92% and blastocyst state were 95%).

In total, 501 embryos were transferred, 144 in the natural cycle group (108 cycles) and 357 in the HRT group (224 cycles). In the natural cycle group, 101 (70.1%) of the embryos were in the cleavage stage, while 43 (29.8%) were in the embryo blastocyst stage. In the HRT cycle group, 244 (68.4%) of the embryos were transferred in the cleavage stage, while 113 (31.6%) were transferred in the blastocyst embryo stage.

No statistically significant difference was found between cleavage embryo implantation rate (*p*=0.686) or blastocyst embryo implantation rate (*p*=0.403) in all patients. Additionally, there was no statistically significant difference between cleavage embryo live birth rate (*p*=0.503) and blastocyst embryo live birth rate (*p*=0.403) in this study.

Comparisons of natural cycle and HRT cycle outcomes are presented in **[Table 2](#T2){ref-type="table"}**.

###### 

Comparison of natural and hormonal replacement treatment (HRT) cycle outcomes.
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In the fresh cycles of the participants, rec-FSH (75.6%) or urinary FSH (24.4%) was used for ovulation induction, and recombinant hCG (52.7%), urinary hCG (43.0%) or agonist trigger (4.3%) was used to trigger ovulation. Early ovarian hyperstimulation syndrome (OHSS) developed in 18 (5.5%) of the women, and late OHSS developed in 3 (0.9%) of the women. At the end of the fresh cycles, 178 (53.6%) patients underwent embryo transfer. The clinical pregnancy rate was 34.2% (n=61), and the live birth rate was 25.2% (n=45) in the fresh cycles. Other parameters of the fresh cycles of the individuals who participated in the study are presented in **[Table 3](#T3){ref-type="table"}**.

###### 

Fresh cycle parameters of 322 patients included in the study.
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There was no statistically significant correlation between the live birth rate after the fresh cycle and the live birth rate after the thaw cycle in the same patient (*p*=0.852, r=-0.017).

Discussion {#sec1-4}
==========

In this study, in which the natural cycles and HRT cycles used in the preparation of the endometrium in thaw cycles were compared, the implantation rate, clinical pregnancy rate and live birth rate were similar between the 2 groups. No correlation was found between the live birth rate in the fresh cycle and the live birth rate in the thaw cycle.

In the literature, different results have been published in studies comparing natural and HRT cycles. Morozov et al[@ref16] found that the natural cycle group had a higher pregnancy rate, endometrial thickness, and estradiol level and that high estradiol in the HRT cycle group impaired endometrial receptivity during the implantation window and lowered the pregnancy rate. Xiao et al[@ref17] found fewer biochemical pregnancies and higher implantation and ongoing pregnancy rates in the natural cycle group than in the HRT cycle group. Similarly, Levron et al[@ref18] showed, in a retrospective study in which 1235 FET cycles were evaluated over a period of 12 years, that endometrial thickness, implantation rate and clinical pregnancy rate were higher in the natural-cycle FET. In a study performed by Givens et al,[@ref19] the pregnancy rate was higher in the HRT cycle group than the natural cycle group. In the same study, the miscarriage rate was higher in the HRT group, and there was no difference between the live birth rates. In a retrospective study conducted by Zheng et al,[@ref20] in which 5414 patients were examined, implantation and clinical pregnancy rates were increased in the HRT cycles. The same study reported that ovulation in HRT cycles had a negative impact on pregnancy, and in the FET cycles, ovulation could be followed up well and the cycle could be cancelled. Gelbaya et al[@ref8] found that implantation, pregnancy and live birth rates were similar in the natural and hormone-controlled groups of patients whose menstrual cycles were regular. In a randomized controlled study only involving patients who were ovulatory and had regular menstrual cycles, FET outcomes were similar between the natural and HRT cycle groups.[@ref21] Several studies reported that a thick endometrium has a positive impact on pregnancy rate.[@ref22]-[@ref24] Some authors anticipated that the endometrial thickness would increase as estradiol increased in HRT cycles;[@ref25]-[@ref27] however, no significant changes were observed in endometrial thicknesses.[@ref27],[@ref28] Meanwhile, discussions on the detrimental effect of supra-physiological estradiol levels on endometrial quality continue. If estradiol levels were actually higher in HRT cycles and this negatively affected implantation in the endometrium, it could be expected that pregnancy rates would be lower in HRT cycles. In this study, no significant difference was found between the 2 groups in terms of endometrial thickness or pregnancy rate.

Patients who were using transdermal estrogen in HRT cycles were selected for this study. Because a limited number of patients were using oral tablets, it was anticipated that this group would be statistically inadequate, so the patients in this group were excluded from the study. Transdermal estrogen was previously preferred at our clinic due to its ease of administration, as well as the notion that it is more physiological. Part of the estradiol valerate administered orally is transformed into estrone in the intestinal system.[@ref29] Estradiol and estrone are carried to the liver through the portal system, where they are transformed into estriol. During this transition, estrogen's activity in the circulation decreases by 30%.[@ref30] When estrogen is administered transdermally, no metabolism occurs in the liver; therefore, estradiol concentrations are greater than estrone concentrations. An estradiol/estrone ratio of approximately 1 is found, which is more compatible with human physiology.[@ref31] When estrogen is administered orally, this ratio is 0.2, namely, much lower than physiological values.[@ref32] There is no difference between oral and transdermal estradiol use in thaw cycles in terms of serum estradiol level and endometrial thickness.[@ref4],[@ref33] In 2 studies investigating the effect of luteal support in natural cycles, it was shown that when luteal support was given, it did not affect the outcome in terms of clinical pregnancy; however, a significant difference was found in ongoing pregnancy in favor of luteal support.[@ref28],[@ref34] In this study, all patients were administered progesterone for luteal support, and it was continued when pregnancy was in place until the 10th to 12th week.

Study limitation {#sec2-2}
----------------

The most important limitation of this study is its retrospective design. Thus, the numbers of participants in the 2 groups are unequal. Small sample size and low power also important limitations of the study. In addition, estradiol levels were examined on day 15 in HRT cycles but not in the spontaneous cycles, which is why no comparison was made between the groups in terms of estradiol. No significant difference was found between the groups in terms of their demographics, histories or cycle parameters, although the study was retrospective. These similarities make the study more valuable, as the groups were homogenous. Most of the thaw cycle studies in the literature have been performed with patients whose cycles are regular.[@ref10],[@ref16],[@ref18],[@ref20] This study included patients with regular cycles only in the natural cycle group, while there were patients with regular and irregular cycles in the HRT group. Nevertheless, the similar pregnancy outcomes showed that cycle order is not important in the HRT cycle. However, the creation of a PCOS group or irregular cycle group as a separate subgroup would have added more value to the study.

In conclusion, this study compared the success of endometrial preparation methods in freeze-thaw cycles. Our results showed no difference between the implantation rate, clinical pregnancy rate or live birth rate between the natural cycle group and HRT cycle group. The similar results of the 2 groups may provide clinicians with more freedom to individualize patient treatment. As the number of FET transfer cycles increases in clinical practice, further randomized controlled studies with higher numbers of cycles would help guide clinicians in the selection of endometrial preparation techniques.
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